ABSTRACT
INTRODUCTION
Legumes (pulses) are important components in our daily diet as they considered being rich as a source of proteins, minerals and vitamins. They are excellent sources of proteins (20-40 %), carbohydrates (50 -60 %) and are fairly good sources of thiamine, niacin, calcium and iron. Because they are known for their high protein content of good quality, they are invaded by a series of beetles and these beetles can cause serious damage and seed weight loss. Infestation commonly begins in the field, where eggs are laid on mature pods (Singh, 1997; Nahdy et al., 1999) . The pulse crops are attacked by more than 150 insect pests. Among the insects which infest various pulses are Callosobruchus chinensis (Linn.), C maculatus (Fab.) and C. analis (Fab.) .
The cowpea seed beetle (Chinese beetle), Callosobruchus maculatus F. (Coleoptera: Bruchidae), is the most important storage insect-pest of cowpea throughout the tropics. Moreover, C. chinensis is a major insect-pest of chickpeas (Pandey and Singh, 1997) , lentils, green gram, broad beans, soybean (Srinivasacharyulu and Yadav, 1997; Yongxue et al., 1998) adzuki bean and cowpeas in various tropical regions. The eggs are cemented to the surface of pulses and are smooth, domed structures with oval and flat bases. The larvae and pupae are normally only found in cells bored within the seeds of pulses (Chavan et al., 1997) .
The control of stored grain pests stands mostly on broad action insecticides and fumigants. Unfortunately, this leads to contamination of food with toxic pesticide residues (Debnath et al., 2011) . In addition, the main problem in controlling pests in stored grain is the resistance to pesticides. Regarding the resistance of grain pests and pesticide residues, it seems that chemical control is not an appropriate approach for controlling the population of these pests (Taukder and Howse, 2000; Isman, 2006) . Therefore, environmentally safe and convenient methods such as the use of inert dusts, plant extracts, oils, leaf powders and pressurized carbon dioxide and temperature management techniques (low and high temperature) are the growing interest to replace synthetic pesticides (Yuya et al., 2009 ). There are a number of reviews on inert dusts (Korunic, 1998; Subramanyam and Roesli, 2000; Fields and Korunic, 2002) . The admixture of such desiccant dusts or ash (Chiranjeevi and Sudhakar, 1996; Mohamed, 1996) can be useful for controlling the Chinese bruchid, Callosobruchus chinensis. Also, plants insecticidal allelochemicals appear to be toxic to adults and also inhibit reproduction (Roger, 1997) .
Nanotechnology has become one of the most promising new approaches for pest control in recent years. Nanoparticles represent a new generation of environmental remediation technologies that could provide cost-effective solution to some of the most challenging environmental clean-up problems (Chinnamuthu and Boopathi, 2009) . Silica nanoparticles (SNPs) have been evaluated against the cotton leafworm Spodoptera littoralis (El-bendary and El-Helaly, 2013) , the tomato borer Tuta absoluta, the stored grain insect-pest [the rice moth] Corcyra cephalonica (Vani and Brindhaa, 2013) , the pink bollworm Pectinophora gossypiella (Derbalah et al., 2014) and the lesser grain borer beetle Rhyzopertha dominica and the red flour beetle Tribolium castaneum (El-Samahy et al., 2014) . The treatment of hydrophobic silica nanoparticles (SNPs) with the pulse seeds against the infestation of stored pulse beetle,
Callosobruchus maculatus revealed a significant reduction in oviposition, adult emergence and seed damage potential with no effect on seeds germination, growth rate of root and shoot (Arumugam et al., 2016) . Therefore, the present investigation was conducted to determine the entomotoxicity (the insecticidal efficacy) of normal (coarse) particles of silica (CS) and nanoparticles (SNPs) against C. Chinensis and the delayed effect of both silica types on the number of emerged adults of the first generation post-parent exposure.
MATERIALS AND METHODS 1. Silica types
Two different silicon dioxide (nano particles [SNPs] and Micro or coarse particles [CS] were applied in the experiments. Silica nano-particles (SNPs), named also hydrophilic nano-silica was obtained from Nano Tech Egypt Co., Dream Land City, Wahat Road, 6 th October, Egypt. The shape and size of the nanoparticles tested in this study were checked by Scanning Electron Microscope (SEM) at the EM Unit in the Faculty of Science, Alex. Univ. Photo 1 indicates that the original morphology of the silica nano particles is approximately spherical with the diameter mean of 35 mm.
Physical properties of silica particles
The following physical properties were determined: pH and adsorption capacity. pH pH of both types of silica have been determined where 5% aqueous solution was prepared for each type of silica and pH was measured with a calibrated pH meter.
Water adsorption capacity of silica
For the water absorption test, the specimens of silica are dried in an oven for 24 hours at 70°C and then placed in a desiccator to cool. Immediately upon cooling the specimens are weighed. Each sample is then tittered with water at lab temperature (25°C) until equilibrium (forming a pasty texture).
Water adsorption is expressed as increase in weight percentage: Water Adsorption% = [(Wet weight -Dry weight)/ Dry weight] x 100
It could be seen that there were differences in the rate of water adsorbed by the two types of silica. NSPs adsorbed greater weight of water/g of silica dust. Table 1 lists some physical properties of the tested two types of silica that have been used for toxicity determination. The Chinese bruchid, Callosobruchus chinensis was obtained from a stock culture maintained in the laboratory of Plant Prtection Dept., Faculty of Agric. (Saba Basha), Alex. Univ. The pure culture of C. chinensis was raised on Egyptian broad bean seeds and maintained under controlled conditions of 28 ±2°C and 70±5% R.H. All glass ware used for culture preparation including the culture jars (2 liters) were heat sterilized in an oven at 130±3°C for two hours. C. chinensis newly emerged adults (about 200) were introduced into the culture medium. Cuture jars were sealed properly with a piece of muslin fixed tightly with the aid of rubber bands. Age is an important factor determining the susceptibility of insect to insecticides (Sigh, 1981) . In the present work, the unsexed adults of C. chinensis used in all experiments were 2-4 days old.
Efficacy of the tested silica types against C. chinensis
The efficacy of two types of silica (NSPs and CS) was tested against C. chinensis to obtain LT 50 values for each tested concentration (0.5, 1.0 and 2.0 g/100 g seeds) of each silica type. This was carried out by admixing silica with whole seeds of broad bean at different dust concentrations and then, the insects were introduced. The admixing bioassay technique was followed as tose methods described by Singh (1981) and Tayeb (1988) . Modification of their methods as described below was used for the admixture tests.
Broad bean samples (100g) were weighed into 1 lb jam jars. The required silica concentrations (0.5, 1.0 and 2.0 g/100 g seeds) were added to broad bean samples. Each jar was covered with a piece of Clingfilm ® and a metal lid and tilted up and dowen for 5 seconds (6 times) and hand rotated for 2 min. with shaking at the following time intervals: 10, 15, 30, 69, 90 and 120 s. After admixing, the jars were kept closed until the dust inside thye jar is settled. Then, C. chinensis (20 unsexed adults) were introduced into each jar containg dust and incubated at 28 ±2°C and 70±5% R.H. Mortality counts were made after different exposure times of 48, 96, 144 and 192 hrs. Insects were classified as dead or alive. All tests were done in three replicates. Three broad bean samples (100g each and contain 20 adults) with no dust were used as control. For each concentration of both types of silica, the relationship between mortality and the different exposure times was determined and expressed as LT 50 values (the time needed for killing 50% of the tested insects at a specific concentration with different exposure times). Also, the slope and the regression coefficient were calculated.
The delayed effect of the tested types of silica
The delayed effect of both types of silica was expressed as the mean number of the emerged adults (first generation F1) post-parents exposure. The insects survived silica types treatments were left over in their bioassay jars till the emergence of the first generation adults. The adults emerged from each jar containing a specific concentration was monitored for 2 months, where the daily emerged adults were counted and kept away during that period.
RESULTS AND DISCUSSION The insecticidal activity of the tested silica types
The efficiency of both silica nano particles and coarse silica were assessed against the Chinese bean beetle under laboratory conditions of 28 ±2°C and 70±5% R.H. The results shown in Table ( 2) cleared the effect of nano-silica on the mortality percentages of C. Chinese. When the unsexed adults were exposed to broad bean seeds treated with different concentrations of both tested silica types (0.5, 1.0 and 2.0 g/100 g seeds) for different periods (48, 96, 144 and 192 hrs) , it was found that NPS pronounced more insecticidal activity against the bruchid beetle C. chinesis.
Moreover, it was found that as the exposure time and concentration increased, the mortality of the adults increased. For each concentration of the tested silica types with different exposure time, the LT 50 of the bioassay tests showed that the calculated LT 50 values of NSPs (83.44, 72 .23 and 67.52 hrs) were less than those of CS (140.00, 131.44 and 120.15 hrs), therefore NSPs are more biologically active and showed more entomotoxcity than CS did against C. Chinesis.
For each concentration of the tested silica types with different exposure time, the LT 50 of the bioassay tests showed that the calculated LT 50 values of NSPs (83.44, 72 .23 and 67.52 hrs) were less than those of CS (140.00, 131.44 and 120.15 hrs), therefore NSPs are more biologically active and showed more entomotoxcity than CS did against C. Chinesis. It could be concluded that the main cause of insect death is the dehydration caused by nano-silica particles that affect or absorb the wax layer of insect cuticle and subsequently lead to loss of water from the body of the insect, and ultimately the death of insects due to drought and that was more or less similar to that description by Ebeling (1971) and Golob (1997) . Mortality effect of nano silica (NSPs) was far more effective on adults and this mortality could be attributed to the impairment of the digestive tract or to surface enlargement of the integument as a consequence of dehydration or blockage of spiracles and tracheas. Also, it refers to their enormously increased exposed surfaces which could interact with the insect cuticle. Damage occurs to the insects protective wax coat on the cuticle, both by sorption and abrasion.
The pattern of pick-up of silica was cleared in Photo2. The nano particles were more distributed over the insect body affecting more surface area and increasing the effects caused by the drying activity of the insect treated with silica. The effect on the wax layer increased, thus increasing the loss of water and thus insect dehydration which eventually led to death. The results obtained in Table ( 3) show the effect of both nano-particles and coarse or normal silica on the number of emerged insects of the first generation post parents-treatment. The results showed that there was no egg laying or hatching could be detected for those adult insects exposed to the concentrations of 1.0 and 2.0 g NSPs / 100 g and that was reflected on the number of emerged adults showing no emerged adults. While numbers of the output insects after treatment with coarse silica was decreased as the concentration of dust increased. The lowest level of progeny was achieved with the higher concentration (2.0 g / 100g) which recorded a mean of 2.3 insects compared with check untreated (24.7 emerged insects).
These presented results are in agreement with those reported by Rouhani et al. (2012) who determined the effectiveness of silica nano particles (SNP) and silver nano particles (AgNP) on larval stage and adults of Callosobruchus maculatuso n cowpea seed. The LC 50 value for SiO 2 and Ag nano particles were calculated by 0.68 and 2.06 g/kg cowpeas on adults and 1.03 and 1.00 g/kg on larvae, respectively. Result showed that both nano particles (silica and silver) were highly effective on adults and larvae with 100% and 83% mortality, respectively. The results also showed that SiO 2 nano particles can be used as a valuable tool in pest management programs of C. maculatus. Also, Sabbour and Abd El-Aziz (2015) evaluated the potential of Nano-Diatomaceous earth (Nano-DE) in comparison with natural Diatomaceous earth (DE) against the red flour beetle T. castaneum and the confused flour beetle, T. confusum under laboratory and stored conditions. They found that the percentages of larval mortality of tested insects increased as the treatment concentration increased. Larvae of T. confusum were more susceptible to the treatments than T. castaneum larvae. Nano-DE was more effective than natural-DE. The fecundity of tested insects was highly affected with both DE and nano DE.
CONCLUSION
Early theories suggested that inert dusts act by either blockage of the spiracles, adsorption of water from cuticle or ingestion. Now, it is generally accepted that inert dusts cause death by promoting cuticular water loss as a result of disruption of the protective lipid layer through the removal of cuticular waxes by either abrasion or adsorption depending upon the physical characteristics such as hardness and particle size which determine the amount adhering to the body of insects. The CS which has the particles size of 150 mm adhere poorly to insects and was found to be less lethal than those silica nano particles (SNP) (35 nm). Specific surface area of powdered materials is depending upon their particle size. It could be concluded that silica nano particles would be effective to be applied for protection of stored grains against those insect-pests attacking grains and can be used at low concentrations considering the moisture content of commodities which affect the activity of silica. However, additional experiments are required to clarify silica nano particles properties, their potential toxicity on different insect species, in various commodities and different environmental conditions.
